WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01L 21/00, 21/321, 21/288 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/25004 

20 May 1999 (20.05.99) 



(21) International Application Number: PCT/US98/ 19436 

(22) International Ffling Date: 16 September 1998 (16.09.98) 



(30) Priority Data: 
08/966,939 



10 November 1997 (10. 1 1 .97) US 



(71) Applicant: APPLIED MATERIALS, INC. [US/US]; 3050 

Bowers Avenue, Santa Clara, CA 95054 (US). 

(72) Inventors: SASSON, Somekh; 25625 Moody Road, Los Altos, 

CA 94022 (US). GHOSH, Debrabrata; Apartment F101, 
3907 Seven Trees Boulevard, San Jose, CA 95111 (US). 
ADAMS, Bret, W.; 946 Mesa Oak Court, Sunnyvale, CA 
94086 (US). 

(74) Agents: BERNADICOU, Michael, A. et al.; Blakely, Sokoloff, 
Taylor & Zafman LLP, 7th floor, 12400 Wilshire Boulevard, 
Los Angeles, CA 90025 (US). 



(81) Designated States: JP, KR, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report. 

Before the expiration of the lime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: INTEGRATED MANUFACTURING TOOL COMPRISING ELECTROPLATING, CHEMICAL-MECHANICAL POLISH- 
ING, CLEAN AND DRY STATIONS, AND METHOD THEREFOR 



(57) Abstract 



A fabrication tool integrates one 
or more electrodeposition stations (14*) 
with a CMP apparatus (16*). The 
tool may transport substrates from the 
electroplating stations to the CMP ap- 
paratus without an intervening clean- 
ing step. In addition, the thickness 
of an electrodeposited layer may be 
measured at a metrology station (86) 
prior to polishing utilizing an instru- 
ment which physically contacts the sur- 
face of the substrate, and the measured 
thickness may be used to adjust the 
polishing parameters. Furthermore, the 
fabrication tool may have a single in- 
terface in which a dry and clean wafer 
is returned to the interface. 
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JSISKI! 0 ^^H*™ 6 T00L COMPRISING ELECTROPLATING, CHEMICAL-MECHANICAL 
POLISHING, CLEAN AND DRY STATIONS, AND METHOD THEREFOR 



Background 

The present invention relates generally to semiconductor device fabrication, and 
more particularly an integrated tool for performing electrodeposition and chemical- 
mechanical polishing. 

Some semiconductor device fabrication processes require a planarizing step 
following a metallization step. For example, in one well-known dual inlaid process, 
referred to as dual damascene, an electrodeposition step may be performed to fill vias, 
contacts and wiring on the substrate. Once the vias, contacts and wiring have been 
formed, the metal is planarized to remove excess metal overlying the dielectric layer. 

Chemical-mechanical polishing (CMP) is one method of planarizing a substrate. 
CMP typically requires that the substrate be mounted on a carrier or polishing head in a 
CMP apparatus. The exposed surface of the substrate is placed against a rotating 
polishing pad, and an aqueous polishing slurry is supplied to the polishing pad. The 
interaction of the polishing pad, slurry and substrate results in planarization of the 
substrate and removal of excess metal. The substrate is then rinsed, to remove the 
slurry, and dried in a controlled manner to minimize particulates and contamination of 
the substrate. 

Electrodeposition is one method of depositing a metal layer ("metallization") on 
a substrate. Electrodeposition requires that the substrate be suspended in an aqueous 
chemical solution. In one method the metal to be deposited is suspended in the solution 
and a voltage is applied between the substrate (cathode) and the metal (anode). This 
process is called "electrolytic plating" or "electroplating." In an alternative method an 
electrochemical reaction deposits the metal layer onto the substrate without an applied 
voltage. This alternative method is called "electroless plating." Again, as in CMP, the 
substrate is then rinsed, to remove the chemical solution, and dried in a controlled 
manner to minimize particulates and contamination of the substrate. 

Typically, substrates are dried in a controlled manner after any wet processing. 
This is because if substrates are allowed to dry by evaporation, contamination 
concentrations increase as the droplets of water evaporate, causing concentrations of 
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substrate with a solution which may include a surfactant, and/or a cleaning station. 
There may also be a load lock to receive and hold a cassette from outside the tool. 

In another aspect, the invention is directed to a method of manufacturing a 
semiconductor device in an integrated tool. A metal layer is electrodeposited onto a 
substrate at an electrodeposition station, the thickness of the metal layer is measured at 
a metrology station, and the metal layer is chemically-mechanically polished at a 
chemical mechanical polishing apparatus. A polishing parameter is determined by the 
measured thickness. 

Implementations of the invention may include the following. The 
electrodeposition station, the metrology station, and the chemical mechanical polishing 
station may be enclosed by a housing to form a single integrated tool. Measuring the 
thickness may include contacting a surface of the substrate with a metrology 
instrument. 

In another aspect, the invention is directed to a load lock. The load lock 
includes a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool, a vertically movable indexing arm, a support for holding a cassette 
connected to the indexing arm, and means for drying a substrate held in the cassette in 
the chamber. 

Implementations of the invention may include the following. The drying means 
may include a heater or a nozzle for directing air at the substrate. 

In another aspect, the invention is directed to a load lock. The load lock 
includes a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool, a vertically movable indexing arm, a support for holding a cassette 
connected to the indexing arm, and means for cleaning a substrate held in the cassette 
in the chamber. 

In another aspect, the invention is directed to a method of manufacturing a 
semiconductor device in which a substrate is withdrawn from a cassette, a metal layer 
is electrodeposited onto the substrate, the metal layer is chemically-mechanically 
polished, and the substrate is returned to the cassette. The substrate is not returned to 
the cassette between the electrodeposition and polishing steps. 

Implementations of the invention may include the following. The substrate may 
be cleaned or cleaned and dried prior to being returning to the cassette. The substrate 
may be rinsed with a solution which may include a surfactant prior to electrodeposition. 
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Referring to FIG. 1, a fabrication tool 10 provides a wet interface with the other 
tools in the fabrication process. That is, finished substrates from tool 10 are wet and 
require drying. The fabrication tool 10 includes a rinse or wetting station 12, an 
electrodeposition station 14 for metalizing substrates, a CMP apparatus 16 for 
planarizing substrates, and a substrate handling robot 18 for transporting substrates 
between the rinse station, electrodeposition station and CMP apparatus. 
Electrodeposition station 14 may be located on one side of the rinse station, and CMP 
apparatus 16 may be located on the other side of the rinse station. The robot 18 moves 
along a generally linear path to carry substrates between rinse station 12, 
electrodeposition station 14 and CMP apparatus 16. Each of these elements, i.e., rinse 
station 12, electrodeposition station 14, CMP apparatus 16, and robot 18, will be 
discussed in further detail below. 

One or more substrates 20 are brought to fabrication tool 10 in a cassette 22. 
The substrates 20 are supported in cassette 22 in a generally upright and parallel 
configuration. The cassette 22 is lowered into the rinse station, e.g., by hand or by the 
robot, for temporary storage. Each substrate 20 is transported to electrodeposition 
station 14 for metallization, and then to CMP apparatus 16 for polishing. Then the 
substrate is returned to the cassette. Once all of the substrates have been processed, the 
cassette is removed from the fabrication tool. Although a cassette is generally used to 
hold multiple substrates, it is understood that a single substrate could be held in the 
cassette. Notwithstanding the foregoing, the description will generally refer to a 
cassette as holding multiple substrates. 

Referring to FIG. 2, rinse or wetting station 12 includes a holding tub 30 filled 
with a liquid bath 32, such as deionized water. The cassettes are stored in holding tub 
30 to keep the substrates therein wet. Cassettes may be placed at two cassette holding 
locations 34a and 34b, although the holding tub could have room for a different number 
of cassettes. By continuously circulating the fluid of liquid bath 32 through ports 38, 
e.g., with a filtration apparatus (not shown), the substrates may be kept clean. An 
ultrasonic generator 36 may be placed at the bottom of holding tub 30 to subject the 
substrates to megasonic cleaning. In addition, liquid bath 32 could include a surfactant 
to improve the electroplating process. 

Substrates are moved between the rinse station and the electrodeposition station 
by robot 18. Robot 18 includes a laterally moveable link 150 which descends from a 
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between the substrate and the anode to create an electrolytic reaction. Voltage source 
58 may be connected to support assembly 46 to provide an electrical connection to the 
substrate. 

On the other hand, if an electroless plating process is to be performed, then the 
anode and voltage source are not required* Instead, electrodeposition bath 42 will 
contain a chemical solution which autocatalytically precipitates the metal to be 
deposited. Electrodeposition bath 42 may include a metal ion source, a reducing agent 
for the ion source, a chelating or complexing agent for the released metal ions, and a 
pH adjustor. Other additives may be included in the bath to increase its stability and 
regulate the properties of the deposited layer. A more complete discussion of the 
chemistry of electroless plating is presented by Yosi Shacham-Diamond et al., in 
Electroless copper deposition for ULSI, Thin Solid Films 262, 1995, pp. 93-103, the 
entirety of which is hereby incorporated by reference. Although fabrication tool 10 is 
shown with only one electrodeposition station, there could be multiple 
electrodeposition stations. The number of electrodeposition stations will be selected to 
match the throughput capacity of the CMP apparatus while minimizing the footprint of 
the tool. 

Once metallization is completed at electrodeposition station 14, the substrate is 
transported to CMP apparatus 16. Specifically, the substrate may be sent to the CMP 
station without being sent back to the cassette. Since both electrodeposition and CMP 
are wet processes, it is not necessary to dry the substrate between these two steps. This 
increases the throughput of the fabrication tool by eliminating an unnecessary step. 

Referring to FIG. 4, CMP apparatus 16 includes a machine base 61 which 
supports three polishing stations 60 and a transfer station 62 (only one polishing station 
is shown in the side view of FIG. 4). A more detailed description of CMP apparatus 
may be found in U.S. Application Serial No. 08/549,336, entitled, RADIALLY 
OSCILLATING CAROUSEL PROCESSING SYSTEM FOR CHEMICAL 
MECHANICAL POLISHING, filed October 27, 1995 by Perlov et al., and assigned to 
the assignee of the present invention, the entirety of which is hereby incorporated by 
reference. Although CMP apparatus 16 is shown with three polishing stations, there 
could be one, two, or more than three polishing stations. 

The three polishing stations form a generally square arrangement with the 
transfer station. Each polishing station 60 includes a rotatable platen 64 on which is 
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deionized water which may include a surfactant to improve the electrodeposition 
process. In this case, the substrate is moved from the wetting station to another 
electrodeposition station for metallization. Once the metallization process is complete, 
the thickness of the deposited layer is measured at metrology station 86, and then the 
substrates are polished with CMP apparatus 16'. The substrates may be rinsed at a 
rinse/clean/dry station 82 or at transfer station 62 prior to polishing at CMP apparatus 
16' to remove acid from the surface of the substrate. Finally, the substrates are cleaned 
and dried at rinse/clean/dry station 82 and returned to load lock 80. It is understood 
that rinse/clean/dry station 82 may include any combination of conventional rinsing or 
cleaning or drying apparatus or process steps. 

Referring to FIG. 6, each load lock 80 serves as the entry and/or exit point for 
the substrates to fabrication tool 10'. One of the load locks could be dedicated as an 
entry port and the other load lock could be dedicated as an exit port, or both load locks 
could be used as combination entry/exit ports. The cassette 22 carrying substrates 20 is 
placed on a support 90 and loaded into load lock 80. Support 90 pivots to rotate 
cassette 22 into a load lock chamber 92 so that substrates 20 are arranged in a generally 
horizontal orientation. Support 90 is connected to a vertically moveable indexing arm 
96. A sliding door 94 closes to seal load lock chamber 92. One or more heaters 98 
may be located in load lock chamber 92, and a set of air nozzles 100 may be located at 
the ceiling of the load lock chamber. An inner wall 102 of load lock 80 includes a 
generally horizontal transfer port 104 for the transfer of substrates into and out of load 
lock chamber 92. Indexing arm 96 may move support 90 vertically so that one 
substrate is aligned with transfer port 104. 

Returning to FIG. 5, robot 18* includes a rotatable base 110, two inner links 1 12 
pivotally connected to base 1 10, four outer links 1 16 connected pivotally to inner links 
1 12, and two end effectors 120, each connected to two of the four outer links 116. 
Inner links 112 may execute a scissors-motion so that one end effector moves radially 
inward and the other end effector moves radially outward. In addition, base 1 10 may 
rotate to swing the end effectors into a position adjacent the desired station. Base 110 
may also be vertically moveable. End effectors 120 may be provided with a vacuum 
recess (not shown) to vacuum chuck the substrates, with a mechanical clamp to grasp 
the substrate, or with another conventional substrate handling system. 
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dry substrate to the load lock, fabrication tool 10' provides a dry interface with other 
tool in the fabrication process. 

Alternately, the rinse/clean/dry station may provide only rinse and clean the 
substrates, and the drying step may be performed at load lock 80. Heat from heaters 98 
and air jets from nozzles 100 dry the substrates so that the load lock provides a dry 
interface. Also, the thickness of the metal layer could be measured at metrology station 
86 after polishing, but before the substrate is sent to rinse/clean/dry station 82. 

Referring to FIG. 7, in another embodiment, load lock 80' incorporates a rinsing 
or cleaning function and provides a wet interface. The bottom portion of chamber 92' 
is filled with a rinse bath 160, and nozzles 162 may be located on the ceiling of the 
chamber. To wash the substrates, indexing arm 96' lowers support 90' and the attached 
cassette so as to submerge the substrates in the rinse bath. In addition, nozzles 162 may 
spray a cleaning fluid on the substrates as they are lowered into the rinse bath. 

Referring to FIG. 8, in another embodiment, a fabrication tool 1 0" has a linear 
arrangement of stations and provides a dry interface. The fabrication tool 10" includes 
a load lock holding station 132, a series of electrodeposition stations 14", metrology 
station 130, CMP apparatus 16", a rinse/clean/dry station 134, and a robot 18" to move 
the substrates between the stations. It is understood that rinse/clean/dry station 134 
may include any combination of conventional rinsing or cleaning or drying apparatus 
or process steps. 

The load lock holding station 132 has several, e.g., four, cassette holding 
locations 140. Cassettes 22 are moved through a window 148 in a clean room wall 142 
into the load lock holding station 132 by a second robot 144. The second robot 144 
may take new wafers from the cassettes in the load lock holding station and either hand 
the substrate to robot 18" or insert the substrate into clean/dry station 134. The robot 
18" then receives the substrate, either directly from second robot 144 or from clean/dry 
station 134, and places it in one of the electrodeposition stations 14". 

Following the electrodeposition process, the thickness of the deposited layer is 
measured at the electrodeposition station, and the substrate is polished with the CMP 
apparatus. Once polishing of the substrate is complete, robot 18" inserts the substrate 
into rinse/clean/dry station 134. The clean/dry station may be, for example, a 
combination brush/scrub cleaner with a centrifugal dryer or a rinse bath with an IPA 
vapor dryer. Once the substrate has been cleaned, second robot 144 may extend 
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1 . A method of manufacturing a semiconductor device, comprising: 
electrodepositing a metal layer onto a substrate; and 
chemically-mechanically polishing the metal layer; 

wherein the substrate is not dried between the electrodeposition and polishing 

steps. 

2. The method of claim 1 wherein the metal is copper. 

3. The method of claim 1 further comprising extracting the substrate from a slot in 
a cassette, transporting the substrate to an electrodeposition station for 
electrodeposition, transporting the substrate to a chemical mechanical polishing 
apparatus for polishing, and returning the substrate to the slot in the cassette following 
polishing. 

4. The method of claim 3 further comprising cleaning the substrate prior to 
returning the substrate to the cassette. 

5. The method of claim 1 further comprising measuring the thickness of the metal 
layer prior to polishing. 

6. The method of claim 5 further comprising using the measured thickness to 
modify a polishing parameter. 

7. The method of claim 5 further comprising using the measured thickness to 
modify an electrodeposition parameter. 

8. The method of claim 5 further comprising measuring the thickness of the metal 
layer after polishing. 

9. The method of claim 1 further comprising rinsing the substrate between 
electrodeposition and polishing. 
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19. The tool of claim 1 1 further comprising a drying station for drying the substrate 
by means other than simple evaporation. 



20. The tool of claim 1 1 further comprising a wetting station to rinse the substrate 
with a solution. 

21 . The tool of claim 20 wherein the solution include a surfactant. 

22. The tool of claim 1 1 further comprising a cleaning station. 

23. The tool of claim 1 1 further comprising a load lock to receive and hold a 
cassette from outside the tool. 

24. . The tool of claim 23 wherein the load lock includes a drier to dry substrates. 

25. A method of manufacturing a semiconductor device in an integrated tool, 
comprising: 

electrodepositing a metal layer onto a substrate at an electrodeposition station; 
measuring the thickness of the metal layer at a metrology station; and 
chemically-mechanically polishing the metal layer at a chemical mechanical 

polishing apparatus, wherein a polishing parameter is determined by the measured 

thickness. 

26. The method of claim 25 wherein the electrodeposition station, the metrology 
station, and the chemical mechanical polishing station are enclosed by a housing to 
form a single integrated tool. 

27. The method of claim 25 wherein the measuring the thickness includes 
contacting a surface of the substrate with a metrology instrument. 

28. A load lock, comprising: 

a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool; 
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a support for holding a cassette , 

29- The load lock of claim 28 wherein th P w ■ 

wherem the drying means inc|udes a ^ 

3 °- ^ Padlock of claim 28 wherein th.^ • 

Acting air at the substrate. ^ ^ ^ a ««* for 

31 • A load lock, comprising: 

a vertically movable indexing arm- 

a support for holding a cassette connected to th. • , • 

riitrjr 

33 • The method of claim 32 fi rth 
34 - The method of claim 32 fim 
35. The method of claim 32 furth 
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36. The method of claim 32 further comprising rinsing the substrate prior to 
polishing. 
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